Summary Large differences in tumour necrosis factor (TNF) productive ability were observed among various strains of mice. DDY, CD-1, ICR and DBA/2 mice could produce a high titre of TNF activity, whereas Balb/c, C3H/HeJms and A/J mice produced a low titre of TNF activity. Administration of 200pg/mouse of LPS to some strains of mice, i.e. DDD and C57B1/6J resulted in good production of TNF. ICRnu/nu mice produced the highest TNF activity among the nude mice. Balb/cnu/nu and DDDnu/nu mice exhibited very low titres of TNF activity. Nude mice required a rather higher dose of the priming agent, Propionibacterium acnes, than heterozygote littermates. Although it is commonly accepted that dual stimulation is necessary for TNF production, TNF activity was detected without the priming agent in SD rats and Golden hamsters by single injection of LPS. In these animals, much higher TNF production was observed after Propionibacterium acnes treatment than after a single injection of LPS. Large differences in TNF productive ability also existed among strains of rats. Although all animals receiving priming agents revealed hyperplasia of reticuloendothelial system, the sensitivity of the animals to LPS is considered to be the most important factor in their TNF productive ability.
Many investigators have been fascinated by the possibility that the reticuloendothelial system (RES) may be involved in the host response to neoplastic processes. Certain agents which activate the RES, such as BCG, Corynebacterium parvum (C. parvum) and zymosan, have been found to alter the development of a number of experimental tumours (Old et al., 1960; Piessens et al., 1957) .
Rodents can be made hypersensitive to the lethal effects of endotoxin by pretreatment with immunomodulating agents, such as B.C.G., C. parvum and zymosan. Serum from such hypersensitive rodents in endotoxin-induced shock has been called tumour necrosis serum (TNS) . The active factor of the serum is termed tumour necrosis factor (TNF) since it causes haemorrhagic necrosis of certain transplanted solid tumours (Carswell et al., 1975) .
TNF exhibits a direct cytotoxicity against murine or human cancer cells in vitro but has no cytotoxicity against normal or embryonal cells Matthews & Watkins, 1978; Old, 1976) . The in vitro cytotoxic activity is of particular interest because the observed properties of tumour cell sensitivity and species independence are characteristic of the in vitro toxic activity of activated macrophages (Oettgen et al., 1980; Piessens et al., 1957) . Our previous studies demonstrated that TNF is produced from activated macrophages .
generally essential for the production of TNF. We examined TNF production under several conditions by varying the dose of stimulants using several strains of mice, rats, and hamsters to determine the best conditions for TNF production in rodents.
Materials and methods Animals
The strains of mice used were as follows. DDY mice, ICR mice and ICR nu/nu mice were purchased from Shizudokyo (Shizuoka, Japan). DBA/2, DDD, Balb/c, DDD nu/nu, Balb/c nu/nu, C57B1/6J, and C3H/HeJms mice were provided by the Animal Facilities of our institute. C3H/HeNCrj and CD-1 mice were purchased from Charles River Japan (Kanagawa, Japan). Wistar rats, SD rats, Donryu rats and Golden hamsters were also purchased from Shizudokyo. The hybrid mice prepared in our laboratory were (C3H/HeJms x C57B1/6J) F1, (Balb/c X C57B1/6J) F1, and (DDY x Balb/c) F1.
Vaccine
Propionibacterium acnes (P. acnes) IID 912 was cultured in GAM broth (Nissui Pharmaceutic Co., Tokyo, Japan) under anaerobic conditions at 37°C for 3 days. Bacteria were killed in 1% formalin and washed 3 times in physiological saline.
Lipopolysaccharide (LPS) LPS of Escherichia coli 0 11 1: B4 w (Difco Lab., Michigan, USA) was dissolved in physiological saline.
Schedule of TNF production
The time course, of TNF production was studied using DDY strain mice. P. acnes (1, 2, or 4mg/mouse in 0.5ml of physiological saline) was injected i.p. as a priming agent. Nine days after the P. acnes injection, lOug/mouse of LPS was injected i.v., and 2 h after the LPS injection, blood was collected from the postorbital venous plexus with a micropipette.
In rats, different doses of P. acnes were administered i.p. Nine days after the administration, several doses (100 or 100jg/rat) of LPS were injected into the tail vein. Two hours after the LPS administration, blood was collected by heart puncture.
In the case of the hamster, P. acnes was also injected i.p. LPS was then administered i.v. into the postorbital venous plexus at 9 days after the P. acnes injection, and blood was collected by heart puncture 2 h after the LPS injection.
Serum was separated by centrifugation, and stored at -20°C until TNF assay in vitro and in vivo.
The body, liver and spleen wts were monitored. As a negative control, no treatment, P. acnes alone or LPS alone was examined. 
Results
Time course of TNF production, spleen weight, and liver weight after administration of P. acnes and LPS Between 8 and 10 days after P. acnes administration, the highest level of TNF production was observed in DDY strain mice ( Figure 1 ). Hepatosplenomegaly was most marked on the 12th day, and continued for a long time.
Time course of TNF production after administration of LPS The production of TNF was greatest between 90 and 120 min after LPS administration in P. acnesprimed mice ( Figure 2 ). During this period, some of the mice suffered endotoxin shock and died. Two hours after the administration of LPS, the best TNF production was observed in DDY strain mice.
Production of TNF in several strains of mice
The TNF production and weights of the spleen and liver in several strains of mice are shown in Table I . DDY, CD-1, ICR and DBA/2 strain mice exhibited the highest TNF production among the mice tested. A/J, C3H/HeJms and Balb/c strain mice showed a low TNF production. In DDY, CD-1, ICR, DBA/2, DDD, C57B1/6J and C3H/HeNCrj mice, hepatosplenomegaly was observed to almost the same degree, but in A/J, C3H/HeJms and Balb/c had been injected i.p. into DDY mice 9 days previously. Blood was then collected at several times after LPS (10pg/mouse) administration. TNF activity was assayed as described in Figure 1 . (Mean + sd, n=5). mice, the hepatosplenomegaly was not so marked in comparison with the other strains. Administration of a large dose of P. acnes to these latter 3 strains brought about hepatosplenomegaly, but the TNF production did not increase so much.
In the high TNF-producing group (DDY, CD-1, ICR and DBA/2 mice), a small dose of LPS induced a high level of TNF production. In the moderate TNF-producing group (DDD, C57B1/6J and C3H/HeNCrj mice), a slightly larger dose of LPS than in the high TNF-producing group was required to achieve a good TNF production. In the low TNF-producing group (A/J, C3H/HeJms and Balb/c mice), even when 2mg/mouse of P. acnes and 200-1000 g/mouse of LPS were administered, the mice revealed only slight TNF production ( Figure 3 ). In these experiments with mice, we were unable to detect TNF production by single stimulation with LPS except in the ICR mice.
With hybrid mice, the TNF production was affected by the parent mouse strains. Hybrids with Balb/c or C3H/HeJms produced low levels of TNF activity even if they were crossbred with high TNFproducing mice (Table II) .
TNF production and weights of the spleen and liver of nude mice are shown in TNF production in rats The results for TNF production in rats are summarized in Table IV . Donryu rats, Wistar rats, and SD rats revealed almost the same degree of increment in spleen and liver weights 9 days after administration of P. acnes. Two hours after LPS injection, SD and Donryu rats showed endotoxinshock, but Wistar rats did not suffer endotoxin For experimental and other details, see Table I . For experimental and other details, see Table I . (Algire et al., 1952) . In contrast to LPS, TNF displays a direct cytotoxic activity for cultured tumour cells of both mouse and human origin Matthews & Watkins, 1978; Old, 1976) . The hypothesis that LPS causes release of a tumouricidal factor, TNF, from activated macrophages has been confirmed (Matthews, 1978; Mannel et al., 1980; Satomi et al., 1981) . Activation of macrophages by agents such as BCG and P. acnes has been found to produce a high TNF activity. The spleen and liver weights are increased by such stimulation because of RES activation, based on histological and functional examinations (Old et al., 1960) . At an early stage of P. acnes administration, polymorphonuclear cell infiltration is dominant and no TNF activity is produced. Eight to 10 days after the administration of P. acnes, in proportion to the increment in spleen and liver weights, TNF activity is induced at the highest levels.
It is well known that mice injected with BCG are highly sensitive to LPS. Such hyperreactivity to LPS appears within 5 to 7 days after the administration of BCG and continues for at least 70 days (Sutler et al., 1958) . In our previous report, the involvement of macrophages in TNF production was substantiated . Morphologically speaking, shortly after the administration of LPS, selective lysis of splenic macrophages was observed in DDY strain mice. In in vitro experiments, after addition of LPS to cultures of P. acnes-treated macrophages, the cytoplasm gradually filled with phase-lucid vacuoles and finally cell rupture occurred.
It has been reported that some strains of mice fail to produce TNF (Carswell et al., 1975) . Examinations were therefore undertaken to determine the best conditions for TNF production and the reasons for the differences in TNF productive activity. By administering a large dose of LPS, some strains of mice displayed good production of TNF, whereas others did not ( Figure  3 ).
Hepatosplenomegaly and macrophage hyperplasia in the spleen and liver were observed in all strains of mice treated with P. acnes (Tables I   and II) ; however, the large differences in TNF productive ability suggested a dependence on differences in senstivity to LPS among the various strains of mice. A/J mice are known to lack certain macrophage functions (Borashi & Meltzer, 1979a , 1979b , and in A/J mice, TNF productive ability is very poor ( These results strongly suggest that sensitivity to LPS and macrophage function are essential for TNF production, and TNF productive ability is genetically controlled.
We have used LPS exclusively for TNF production. However, even though LPS is indispensable to TNF production, it is possible to replace it with lipid A (Satomi et al., 1982) . In the present study, we noted TNF production in the sera of ICR mice, SD rats, Donryu rats, and Golden hamsters after administration of LPS without prior stimulation with P. acnes. It is speculated that these animals underwent different stimulation of the RES. We were unable to use specific pathogen-free hamsters since these were not available. However, in the Golden hamster, the TNF production without prior stimulation was within almost the same range as that of moderate TNF-producing strains of mice with dual stimulation. It is speculated, therefore, that different macrophage stimulation mechanisms may exist.
For TNF production, it appears that there are two important steps: stimulation of the RES, and release of TNF from the activated site with the aid of LPS. In in vitro studies of TNF production using macrophages from P. acnes-treated DDY mice, TNF was detected in the supernatant after the addition of LPS. In the in vitro system, mechanical or physical destruction of macrophages from P. acnes-treated mice without addition of LPS resulted in no TNF production (data not shown). LPS is also indispensable to the production of TNF even in an in vitro system.
There are great differences in TNF production among different animals and different strains. It is important therefore to choose animals of strains with good productive ability and to decide the appropriate conditions for the best production of TNF. It is also important to select first stimulants of appropriate type and quality; for example, P. acnes is superior to BCG or zymosan.
ICR mice, SD rats, Donryu rats, and Golden hamsters produce TNF activity following a single administration of LPS without prior administration of P. acnes. However, in the other animals, we failed to detect any TNF activity in the sera after single stimulation with P. acnes or LPS.
